In this paper, we consider a continuous review perishable (s, Q) inventory system in which the customers arrive according to a Poisson process. Service time and lead time are assumed to be independent exponential distributions. A customer who arrives during server busy or stock out period either enters into an orbit of infinite capacity or leaves the system. The time between any two successive retrials of the orbiting customer is distributed as an exponential with parameter depending on the number of customers in the orbit. Decay time of items is also assumed to be exponentially distributed with linear rate. Some relevant system performance measures are derived. A suitable cost function is constructed and analyzed. Some numerical and graphical illustrations are also included to highlight the results.
Introduction
The stochastic modeling of perishable inventory received attention of researchers in the past few decades. An unrealistic assumption in most of the inventory models was indefinite life time of items to meet future demands. But, the practical situation is different; there are valuable inventories which are deteriorating. This leads to the necessity of the assumption of randomness in decay time. In the case of inventory system with service facility, the customer demand is satisfied only after a random time of service. Furthermore, the procurement of items actually takes place with a minimum delay of transportation or production of goods. These facts force to the assumption of positive service time and lead time. Besides, these assumptions make the modeling of inventory systems more realistic.
Kalpakam and shanthi [1] analyzed a lost sale (S − 1, S) perishable system in which reorders are placed at every demand epoch with arbitrary resupply time distribution. Jayaraman et al. [2] modeled a continuous review perishable inventory system in which the customer who arrives during the stock-out periods are offered to join a pool of infinite capacity or leaves the system. The demands in the pool are selected one by one by the server only when the inventory level is above s. Jeganathan et al. [3] considered an inventory model with finite customer waiting area and instantaneous replenishment of items having exponential life times. Kalpakam and Arivarignan [4] discussed an inventory model with Poisson demand and negative exponential life times. The items are removed from stock one at a time either due to random demand or random failure of item is considered. Jayaraman et al. [5] studied a continuous review perishable inventory system with infinite pool and the waiting customer independently renege the system after an exponentially distributed amount of time. Sivakumar [6] analysed a perishable inventory system with N policy, Poisson arrivals, exponentially distributed lead times, service times and life times. Berman and Sapna [7] optimized the service rates for an inventory system of perishable products where arrivals are Poisson-distributed, lifetime of items has exponential distribution and replenishment is instantaneous. Periyasamy [8] studied a deteriorating inventory with exponential life time. Both lead time and service time are exponentially distributed. Melikov et.al [9] considered a finite life time inventory system with repeated customer demand in which restocking time is positive.
Retrial demand associated with inventory was introduced by Artalejo [10] , it is an alternative to classical approaches such as lost sale and backlogged demand. For the comprehensive survey on retrial queues, one can refer Artalejo ( [11] , [12] ) and Falin [13] . Krishnamoorthy and Jose [14] considered an (s, S) inventory system with positive service and lead time in which the retrial rate depends on the number of customers in the orbit.
This paper is organized as follows. Section 2 describes mathematical modeling and analysis of the system. Section 3,4 explains system stability and performance measures respectively. Section 6 contains the cost analysis of the system and the result is illustrated numerically and graphically.
Mathematical Modeling and Analysis
The following are the assumptions and notations used in this model Then {(N(t), J(t), I(t));t ≥ 0} is a Level Dependent QuasiBirth Death Process on the state space
Now, we describe the transitions of the process Transitions due to arrival of customers:
Transitions due to service completion:
Transitions due to retrials of orbiting customers:
Transitions due to completion of production of an item:
Transition due to decay of items:
Transitions that leaves the coordinates fixed:
The infinitesimal generator of the process is
where A 0 represents transitions from level i to i + 1; A 1,i (i ≥ 0), transitions within the level i and A 2,i (i ≥ 1) represents transitions from level i to i − 1. The Neuts and Rao [15] truncation modifies the infinitesimal generator as A 1,i = A 1 and A 2,i = A 2 for (i ≥ N).
System stability
Define, Lyapunov test function (see Falin and Templeton [16] ) as φ (r) = i, if r is a state in the level i
The mean drift y r , for any r belonging to the level i ≥ 1 is given by,
where u, v and w vary over the states belonging to the levels (i − 1), i and (i + 1) respectively.
Since (1 − δ ) > 0, for any ε > 0, we can find N large enough so that y r < −ε, for any r belonging to the level i ≥ N . According to Tweedie [17] , the system under consideration is stable.
System Performance Measures
Let the steady state probability vector be x = (x 0 , x 1 , x 2 ...); Expected number of customers in the orbit,
Expected reorder rate,
Expected perishable rate,
Expected number of departures,
Expected number of customers lost before entering the orbit,
Expected number of customers lost due to retrials,
Overall retrial rate,
Successful retrial rate,
Cost Analysis
we define the expected total cost per unit time as 
Numerical Results and Interpretations
The following tables represent the effect of variation different parameters on the overall and successful rate of retrials (S, s, λ , ω, β , θ , γ, δ ) = (20, 5, 2, 0.3, 1.5, 1.2, 0. 7, 0.6) The number of customers in the orbit increases when the arrival rate λ increases. From table 1, it is clear that the overall and successful rate of retrials increase with the increase in λ . From table 3, if ω increases then the inventory level reduces due to decay, the overall and successful rates of retrials increase because the number of customers in the orbit gets increased. The increase in either the service rate µ or the replenishment rate β , the number of orbiting customers get decreased so that the overall and successful rate of retrials decrease (see tables 2, 4). When the probabilities γ and δ increase, the number of customers in the orbit also increases so that the overall and successful rate of retrials from the orbit increase. (see tables 6 and 7). It is obvious that as θ increases, the overall and successful rate of retrials also increase. (see  table 5 ).
Graphical Illustrations and Interpretation
The optimum value of the expected total cost per unit time by varying the parameter one at a time and keeping others fixed. Here, we fixed maximum inventory level as 20 unit and reorder level as 5 unit. By fixing all the parameter except the arrival rate λ . It is clear from fig.1 that the cost function attains its minimum value 131.8 at λ = 2.5. As perishable rate increases and keeping other parameters fixed, one can observe that the cost function attains the minimum value 145.05 at ω = 0.4 (see fig.3 ). One can also observe the minimum value of the objective function by changing other parameters µ, β , θ , γ and δ (see fig.2, fig.4, fig.5, fig.6 and fig.7 ). 
Concluding remarks
We studied a continues review perishable inventory system with exponentially distributed service time and lead time. We assumed that the inter arrival time of customers follows exponential distribution. The successful rates of retrial out of all retrials were tabulated. The minimum values of the expected total cost for the variations of different parameters were illustrated graphically. One can extend this model by considering the changes in the arrival process or service time distribution.
